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Title: Resonant Cavity Biosensor 
Non-confidential brief description of usefulness: 

ITie biosensor will detect interactions between target biomolecnles in solution and probe 
biomolecules fixed to a surface. The biosensor will create images of the surface in real-time that 
indicate where interactions have taken place. Different probe molecules may be laid out on the 
surface in an array format as a protein chip, DNA chip, or inmiunoassay. It may be possible then 
to monitor thousands, or hundreds of thousands of different biomolecule interactions 
simultaneously in real time. This detection would provide critically needed information for tasks 
such as high throughput drug screening, bio-warfare agent detection, and medical diagnosis. Such 
a detection method would also provide enormous help to genomics studies, proteomic studies, and 
bioresearch in general. 
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One-page description of usefulness: 

^n^.'^SirJ^^^^^^ anci bio-weapons detection are 

2002]. Biomolecule affinity sS^^fmeTsZ fte T'*"^ I?'^'"" '^^^^ [Casagrande 

other including DNA, RNA DrTtSn ^nrf^L , ,^ '^^'^"^ biomolecules have for each 
methods offeree g^ea^^'p? S ^hay can s^^^^^^^ ^""'""g^ ^^^^J- "^S^^ *ro"ghput 

Pharjnaceutical company screen fastfr for^S^idSeS Seln a dor^"'^^"'' ^^^P ^ 

for diseases, or help a bio-warfare detector idenJf^^' f ^ ^"^^^ "^o'^ accurately 

greatestamountofinfonnationq^My^l^r;^^^^^ obtaining th^ 

fo^MoSr Siy%^S^r;S~ ^^P^- - two technologies used 

to take root in fields of genoifirlS prSmfcs iS^S^i^STiI.^^^^'r ^« ^^^^^ 
substrate covered with a bio-layer of mS Sch «.^n f^^^! ^S^** *° with a 

the probe, introduce the probe SiTa solutioS cLt?- ^ as 

probe binding. Typically the pr^^aceT, n»« ^^J^f^^g ^S^t molecules, and detect target- 
different bioiolecSe. sLh JaS<i^^ -IS^'^^ ^ wher« each element contai^ a 
of a different sequenc;. Xa"s w'^^^^ ^^A in each location i^ 

surfacetohalfamUliondiffeLtprVtS-^frenS^ 

"^^^^tXZT^Zt^:^^^^^ been patterned and 

for that interaction is. One exai^rcoi^^^^ bS^l '"^^^ what the affinity 

sequences bmd to a particuli^otei^ Z h^^^^^^^^^ "^^^ *° understand what DnA 
DNA candidate sequencer&e W^resS^W • ^^^^^ ^'^^ ^ with an array of likely 
affinity for the differenTSN^ X^c^^St Te S'to ft ' P.^^J-*-- determine i^ 
might even gather kinetics infonnltionX oL^int^^e t^^^^ bio-researcher 
rate that the binding disassociates undVwih o^h4w a *S ^'°^f ^ P^^*=^ 
doctor who wants to determine expressiore^eroSuli^r 'Z"^^ ' "^^'"'^^ 

The doctor can take a sample from a natient wu sequences m a patient's cell, 

carefully designed RNA cWp sSSe ^r^^T^^Tl^^^A m^*' introduce it to a 
strands on the chip where the sequence ^S i^ty^^e^^^^^ ? P^^"^ 
give unique and clearly identffiable pattemrtf ^dLe^.wr 

sequences the doctor is interested in [Schem 19?91 l,?>,^ expression levels of the RNA 
understand what is going on inside ^ J "ifonnation could help a doctor 

Anther example mi^t be fbS^^w^e dl^l^w ^^^""'^ ^ P^*^^"* with greater accuracy' 
warfare agenS on if siSace T^^^faff^^^^^^ would have antibodies for the different bij 
solution m which air molecules^^e b^'dSsS^^ ? ^ T^' ^^P^^ *° ''^ tested, or a 

to the antibody surfaceandcouldindi^^if^l^^^^^^ 

^^^^^^^^^^^ Presentaffinity 

a high Ihroughput «al-ttoe label-SeS^Sj^ 0"P«>I»^ inventioii offen. 

oou.d be used for any one of S^rrSLTmr"" ' ^« 



Description of Invention 



General Purpose: 

chip. The target molecules will be iH solmSn « f ^"^'^ ^ ^^A chip or protein 

label-free meaning that labels do n^Led ^adT^^ ^« "^^'^^on lill be 

be monitored real-time, meaning St the bLfn^Inf molecules. The detection can 

fast as it is being coUected^Ws Ste ^aln^W ^^'^T^'l' ^^^^^^ displayed as 
theusertoextract^eticsinfonnSr^rSSc^^^^^^ 
Technical Description: 

wK^oTaSlSyrfl^^^^^^^^ H^e^eavityis 
Light enters the cavity though on^of^mi,^^ f T ^^^T^ ^^""^^ ^^^^ (Fig 1). 
structure, except at or near!; p^^^a^ Z7:te^":^^,i:''f'''J''''' "5-or 
resonant condition within the cavity, an^ ^ ?"ff°* ^i^ht will excite the 

resonant condition is sharp, and li^t only 5 7^ reflecting mirrors, the 

resonant condition [SalehI991]. Ss p^oS^tt wavelengths exciting the 

very narrowly filter at particular frequency: ^^ "^ ^^"^"^ ^ "^^^ 

in optics to 
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STerLte V: t^'^^^t^t bt^^^^ ^^^^^^ ^ - 

surface be fabricated on the surface of one of S^^/^'"^^?- JlP^°P°«« the probe 
such as the build up of an addition bio-laver on^LT^ 2'^- ^^^^^^ i« *te cavity, 

in the resonant wavelengths ^^1^^^:^'^^ ^" '""^^ " ^^^^^^^^ ^^g- 

ccaviiy. fhis build up wiU occur as target molecules leave a 




togel molecules in soluHon and the probes boimd to rt,. ^. ^ •""■""ig <x»urs between 

the eavity vrill change, and the weC^ rf?n I * T!"" """"Wo" of 

detect ads shift and S-iclodetJ^^Sll oSn^""' transnussion pealc ,viU shift We can 



Bio-molecules 
in solution — ^ 



^ Probe Surface 




Mirrors * ^ * . 

also form the flow cell. THe orobe su^^; ^^F^J^l'l'^''^'^^'^'' ^'^ between the mirrors which 

image the probe surfece onto the sensor aJy of a SgST^e^ will 

^^^^^rf^Z^l^ZXl^ ^ ^-^P-t technique, 

other such sensor array, lie probT^S^ c^*^^^^ ^ a CCD or 

done with DNA or protein ddps^^^JT^^^ fiT"^'? ^ ^P°*^ ^"<^h as is 

the array may act as the mirrof of S oX^^sonST^'-r^ ^'^^'n ^^^^^^ ^^^^^ «Pot 

pixels on the camera may^ rfd^Sr £0^^^^' ^^P' ^^P^^'^ ^'^i^dual 

large and dense, and optics may 4 to 1 r"^* ^^^"^^ ^"^^'^ ^ 

sensor array. DNA chtos Lve Len fSfriS toansnuttmg light as necessary to fit on the 

miUion different spoS^^'^; w^^^a^^^^^ ^ as many as half a 

our detected spot sLs large cnZ^^tZhc^^.c^Z t ' ^" ^eep 

on the wavelength of ligft, ^^^T^Z TrLt^TZ^T^T''- "^r" "^P^"' 
mirrors parallel. These limiting factor<! nr^ th^^L^ ' . ™ tolerance on keeping the 

tooughput of our device ^XS^^e^^ S. ^ P^*^*^^^ 

^tt^lle'^^i.T^^^^^ be inexper^ive and compatible with 

are constructed from alternati^^lavSl S die^^^^ be distributed Bragg reflectors that 

easUy and mexpensively^S7iri rSS .T*!'''*' """^ ^iO^. Layers can be 

Selim Onltt at Boston u2vS ^^TllT^^'T ''^'^^ ^^^^^°P«» ''^ Dr. 

versiiy. me greatest benefit of usmg distributed Bragg reflectors 



mclude a final layer ^of SiO. oT^^ ^efS^r 'nf^' '"^^T "''J' '^^ 

DNA or protein chip on our reflector as it iVT *» ^bricate a 

Additionally. SiO, aUces can cle^ L „ „^ r ^ '^ioal gtea autftce. 

Al.en^vely.iffttric«ed Cheaply eo„u^^X^r,;ry^^^<t^^ 

Test Material-i 
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Bctra Si02 layer 

thefieldst^ngthattheprobesu^ Which Ucsbe^iS|S^'S:^Sr^^^^ 

flie resonant wavelength. We may modlu^ J^n^ ca^aty matenal can cause a large shift in 

mdex, the resonant condition will chance and the ZL^I^*' , ?^ ^^^^^ changes reftactive 
within the cavity will form a standhj opS ta^ ^P^cal field 

field is strong in the region of the layfr S SdTxIs'S^.'^^ nodes (Fig. 3). If the optical 
the resonant condition (Fig. 4) If the onticl? fiSn^c <jhangmg, the change will greatly affect 
the shift in resonant v^vefen^^ku beSS f 4^^?^ '1^L'"^°^ of changing index layer, 
be carefuUy chosen to maximSe &e s2s S of L LIJ^' "^u^"^ ^ Si02 layer la^ 
strong in the region of the probe iJc^TZ ^^^Wh ^'^^^ °Pti«^ field is 

resonance wavelength. ^ wavelengths m the neighborhood of the expected 
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Fig. 4 Here simulation shows the effect of the SiOz layer thickness can be seen. The cavity is assumed to be 
filled with buffer (n=1.33) and the probe surface is a 5nm thick material of n=1.45 and changing to a surfece 
lOnm thick with binding. With an extra SiOz layer thickness of around 250nm, the field is maximized at the 
probe surfece and the wavelength shift resulting firom a 5nm build up of material (n=1.45) at the probe surface 
IS easily seen. With a Si02 layer tiiickness of around 500nm, tiie field is minimized at the probe surface and 
the wavelength shift is hard to discern. 

Sensitivity may also be enhanced by increasing the reflectivity of the mirror surfaces. Increasing 
the reflectivity of the mirrors sharpens the resonance condition. The reflectivity of the mirrors can 
be easily improved by adding more alternating dielectric layers (Fig. 5). 
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Advantages over existing technology: 

*^ey features that are souoht in oar 

^nucaUy conyatible sXldt^ra^L^sT ^^t"^^ ^^^P"*' sensitivi^. a 
other technologies. Son^e^^other ^t^ot^^^S^^^ ^ advant^et:: 

JproSi^:S^?;S- tfi^r r -^o^ for detection 

^ed and the fluorescence from each spot s^e^ Th^ '^^P ^'^^-^ i« lase^ 

CMi be compared >vith a map of probe locatioi^J?! V, ^^^^'"^* ^ fluorescence image that 
" ^"ffi*^'^^ oV^^Se^^^.^^^-^ ^The trouble ,vith direct fluoScen 

bmdmg properties. Using tagged antiboii In h?*. u, may modify the 

^possible to attain the^efded ^b^?s oLTl^irr ^ ^^It^r 

ra&oactive tags or gold tags where the pre^Len?f,^^^ of tagging include the use of 
suffer as weU from the ofltn difficuS oSssiK 'I ^''"'"'f "^^^ '^'^^ circuits. BoA 

^^g^lS^'S^TrS^^ "^'^ associated with 

^Tmc f ^^'^Panies now offering off-^2shei?LTl^°^^^^^ ^^^ere a^^ a 

TT. IBS by Xantech, Plasmoon by BIOTS.1Sau!^^ ^nZ'^^J?^^^"^ ASI AG, Spi^ete by 

SPR is Lt k ^?^fwo3' f by HTS iio^ysteLg^ 

typically gold. Many of the surface ^Z^f*? biomolecules to be afSxed to a metal surface 
incompatible with a metal Zf^Z ten^to^rn '7^°^!^ proteS^^^' 
oftenworkmuchbetterthanthegoM^^^'s {?io'd^^^^^^^^ ^'"^ ----Pe slides whx^h 



|LZ"'V^ti^ot^^^^ techniques and acoustic 

There is one waveguiding techniq^L has f ne f^^ n H ?^ *° ^"^^ throughput 
into the lAsys® biosensor &om lie^al LabSstem^ L^^^^^^ i»«>tporated 
mirror, or RM technique [Goddard Slir^lhf ' r^"*^'^ ^''^ the resonant 

the niche of using dielectric surfaces and b^at?r?n ?^^^^ P^°^"^t fi»«d 

analysis. Fluorescent taggmg car^Tot Movirii^^t ^ ^"r''^^ infonnation for kinetic 

Usys has been used m a good deTof rSel^h toX«^ T' "^^f ^ ^^^^^'^^^ ^ g<^^d surface. 
[www.theimolabsystems.com]. Howe^r ^e A^vfc^ f^'""'"^ of research articles 

probes simultaneously which is a se^I iatbi^ """"""^ *^ ^^^^fe^c^t 

S~liS:;S?raS^^^^^^ ^IsT^T ^ <»etect the 

on the reflective properties S a tl^* SidT ? ^^^.^^^^'l"^ that it is dependent 
RHS is different in that it doesn^ use ^ "f""^ ^ interaction layer. Though 

reflectance, and uses fiber probT Ll "-^^^^ ^l^'' one dielectric layer, is based on 
shown that this method can detect with coi^o-^T'^^r'''"'""'' "^^^^^^ does ours. It has been 

Possible variattons and modifications: 

• Use wavelength ranges other than IR 

• Use light at an angle other than normal incidence 

• ~eff^"°'*^"^«^^^<>*^-*^ 

• — ^!rSgXaS o^^^ r ' ~ ^ <^-te set of 
at a single wkvelengS^ Possibihty of evaluatmg transmittance or other property of Ught 

• S^:t^fSile^£^?^''^« ^"^^ source including cheaper 

• Use non-tunable source 

• Use VCSEL array as source 

• Modifications of the flow ceU geometry 



* -h't^'L^SSrtS:?'^'"' -i-g MEMs device. 

Features believed to be new 

owervmgthefransmissionofli.htthr„.7rr "i!:?.'""?^ techniques in that we ar^ 

P^°f ^ target molecules bind probTon S?„ >vavelength for those 

modify the s^ace plasmon resonant beZtor ?f v^^^T''*" layer and 

not excite surface plasmons in metal to S biomnli^,T^ 55^'^''* ^^'^ i^^a smce we do 
hghtmteracting With the molecules toLtS^t^dTa^^^ 

Thecatical 

boundary, and it is the non-propaga^g ev^^"f °° i^^nial reflection at a 

mteraction surface and in turn Vecl ft! cSrlf^ ^- P^"^*^^*^^ biomolecule 
propagating field that transmits through fte ^n^T f *® "^"^"y- ^ device we use a 
waveguide techniques observe a S^i^pl^: oS, '''' « f ^"'^ ^ ^« '^oted tha^^e 
change m intensity of transmitted light AJsT^fk^^^^^ '^^T^^ "S^*' ^^«^«as we observe a 
ptobesuiface.target^ehsolution,anfbinc^S°p;S^:™^ 

evanescent field. We transnS^i\,n a„<i , ^' ^ "^^^ ^^"^ reflection and 
xeflectedHght,whUeweobs^SL^'o?CS ^ observes the ^^e Tf 

2™ora£tli°^ Here light 

surfece) IS compared. The measure^ is dS^^ at^h.T** '^f^^:^'^ (front surface and back 
spectrometer to analyze the wavelenXesponse ^..^ f.^' ""^"^ ^« back to a 

film wiU have a wavelength depende^y TCihiS^eS t^'^' ^"^"^^8 fiom the thi^ " 
o?^^ "^"2.°^"^' exposTd to a 4^^rj j?'" '^^ P'""^ ^^^^ce is the 

of the thm fihn is modified, and the wavelene&^f?. 1 *^8^*^ ^^^d, the thickness 

a resonant cavity. lelyu^l,^ an mS^oP^^^I^' ^^^^'^^^ ^ ^ >v7S 

shaq, resonance peak in our wavelei^^^spoiT ^if'S^ ^^^^^^^ ^ form a 

^duces a broad response. RIfS also lo^ SIS? rLfl^^^H ^^^^^ two reflections and 

^mits through the biomolecule mteractil W tt ^^^?^ 
difference is that we can evaluate an entire rfanJ?^ • ^^^^'"^^ '°^"*ion- Another key 

spectrometer requirement of RIS -^"^^-^ ^ ""^P ^""^^^ once, wMe ll 

shnuItaneousIy[Gauglitzl99^ ^"^^ impractical to evaluate many p;oJf are^ 



Close or related patents: 

The RM technique, which has been incorporated into Thermo Labsystem's lAsys biosensor is 
similar. US Patent 4,857,273 was granted on Aug, 15, 1989 and covers their work. For the 
reasons given above, our idea is clearly different though related. 

US patent 5,804,453 for the RIfS technique repeatedly refers to reflection and the use of a fiber. 
Our idea does not infringe since we use mirror structures, excite a resonant condition, do not use a 
fiber, look at transmission, and propagate the field thou^ the target rich solution. 

Problem solved: 

To make a label-free, high throughput, paraUel biomolecule afBnity detector that detects on a 
dielectric suifece friendly to flie biochemistry of DNA and protem chips, and which can be made 
cheaply and easy to use. 

Possible uses: 

• Scientific Instrumentation 

• Medical Diagnostic Device 

• Biological or Chemical Hazard Warning Device 

Also see description of usefulness above. 
Disadvantages or limitations: 

There may be a few disadvantages to our system compared with others. The most unportant factor 
may be cost. Our present configuration caUs for an InGaAs detector array and an external cavity 
tunable laser, each of which costs around ten thousand dollars. Another disadvant^e may be that 
m our present configuration, the cavity thickness is limited and must be on the order of hundreds 
of microns or less. It is unclear yet whether this would pose a problem or not 

State of development: 

Simulations have been performed with encouraging results. Much of the needed mstrumentation 
needed for experiment has been identified and borrowed. Experimentation has begun and resonant 
curves for a thin silicon wafer have been correctly identified. 

Prospective commercial interest: 

There is considerable commercial interest for this class of techniques. Analysts predict that the 
biochip market in wiU go from its $400 million mark in 2000 to $1 billion by 2005 [Lewotsky 
2002]. The protein chip market in particular is perhaps a better aim since it requires label-free 
detection far more than the DNA chip mai3»t where fluorescence is a strong competitor. The 
protem chip market alone is expected to grow from $44 million in 2000 to $490 million in 2006 
[Lewotsky 2002]. This up-and-coming biochip industry will require detection methods to go 
along with chip usage. Our invention would provide a means of detection for biochip users. 

Portable biomolecule affinity detectors for individual use may also be a possibiUty using our 
method of detection. This would require bringing down the cost and size of the laser as well as 
the cost of the detector array. This may be accomplishable with some of the possible 



Sl^S^eXT^^^^^ instead of the externa, cavity 

advances in the pLodeLtTmd o^lZ^ ZTf^^ 

biomolecule affinity detector for ^divXal^e coL l ^"^^^^ ^ "*»^^P P°^»« 

unimaginable potential. "^amduai use could open up an entirely new market witii 

List of licensees: 

^lt^n^^M^o:Z^J^J"^^'^ "-"-^ -°'v=d in tte biochip 
technology and could ra poteSa " ''"'"°>""« 
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